L umbar spinal stenosis is a recognized cause of lowback and radicular pain, with far reaching effects on our health care system. 6, 8, 13 The socioeconomic impact is staggering, and direct medical costs have tripled in the past decade. 14, 16, 18 Concurrently, the rates of lumbar fusions for degenerative lumbar disease have quadrupled, contributing to a significant increase in back-related health care utilization and costs. 14, 18 In an effort to control spiraling health care costs, improve treatment effectiveness, and maximize patient quality of life, prospective registries have emerged as a feasible way to capture real-world spine care across large patient populations. OBJectiVe With the recent passage of the Patient Protection and Affordable Care Act, there has been a dramatic shift toward critical analyses of quality and longitudinal assessment of subjective and objective outcomes after lumbar spine surgery. Accordingly, the emergence and routine use of real-world institutional registries have been vital to the longitudinal assessment of quality. However, prospectively obtaining longitudinal outcomes for patients at 24 months after spine surgery remains a challenge. The aim of this study was to assess if 12-month measures of treatment effectiveness accurately predict long-term outcomes (24 months). methOdS A nationwide, multiinstitutional, prospective spine outcomes registry was used for this study. Enrollment criteria included available demographic, surgical, and clinical outcomes data. All patients had prospectively collected outcomes measures and a minimum 2-year follow-up. Patient-reported outcomes instruments (Oswestry Disability Index [ODI], SF-36, and visual analog scale [VAS]-back pain/leg pain) were completed before surgery and then at 3, 6, 12, and 24 months after surgery. The Health Transition Index of the SF-36 was used to determine the 1- and 2-year minimum clinically important difference (MCID), and logistic regression modeling was performed to determine if achieving MCID at 1 year adequately predicted improvement and achievement of MCID at 24 months. reSultS The study group included 969 patients: 300 patients underwent anterior lumbar interbody fusion (ALIF), 606 patients underwent transforaminal lumbar interbody fusion (TLIF), and 63 patients underwent lateral interbody fusion (LLIF). There was a significant correlation between the 12- and 24-month ODI (r = 0.82; p < 0.0001), SF-36 Physical Component Summary score (r = 0.89; p < 0.0001), VAS-back pain (r = 0.90; p < 0.0001), and VAS-leg pain (r = 0.85; p < 0.0001). For the ALIF cohort, patients achieving MCID thresholds for ODI at 12 months were 13-fold (p < 0.0001) more likely to achieve MCID at 24 months. Similarly, for the TLIF and LLIF cohorts, patients achieving MCID thresholds for ODI at 12 months were 13-fold and 14-fold (p < 0.0001) more likely to achieve MCID at 24 months. Outcome measures obtained at 12 months postoperatively are highly predictive of 24-month outcomes, independent of the surgical procedure. cONcluSiONS In a multiinstitutional prospective study, patient-centered measures of surgical effectiveness obtained at 12 months adequately predict long-term (24-month) outcomes after lumbar spine surgery. Patients achieving MCID at 1 year were more likely to report meaningful and durable improvement at 24 months, suggesting that the 12-month time point is sufficient to identify effective versus ineffective patient care.
Prospective registries measure treatment effectiveness and quality for real-world patients in real-world clinical settings. 12 National and international registries facilitate reliable and efficient access to patients' clinical and functional outcomes data, such as quality of life and overall patient satisfaction with health care received. 12 Integral to current prospective registry data collection systems are validated patient-reported outcomes measures that assess the effectiveness of care, such as the Oswestry Disability Index (ODI), 5 SF-36, 21 and numeric rating scales for back and leg pain.
Historically, the 2-year patient-reported outcomes have been used as the measure of treatment effectiveness and durability; 1, 2, 5, 12, 14 however, the insistence of 2-year patient-reported outcomes may be abating as health-related quality-of-life (HRQOL) status at 1 year is increasingly being reported for some lumbar fusion procedures. In general, whether 1-year outcomes adequately predict 2-year outcomes for elective lumbar fusion surgery remains unknown. The purpose of this study was to determine the degree to which 1-year patient-reported outcomes accurately predict 2-year outcomes after lumbar fusion surgery for degenerative lumbar disease.
methods
The primary aim of this multicenter study was to assess if 12-month measures of treatment effectiveness accurately predict long-term outcomes (24 months). This study was based on prospectively collected demographic, surgical, and functional outcomes data. The database was queried for all patients undergoing lumbar interbody fusion for symptomatic back and leg pain secondary to degenerative disc disease or Grade I spondylolisthesis who had complete preoperative and 1-and 2-year postoperative patient-reported outcomes measures. Fourteen surgeons from 10 institutions participated in the study. Only patients with comprehensive 2-year data were included in the final analysis.
Institutional review board approval was obtained prior to initiation of the study. We included patients who were 18 to 70 years old with 1) low-back pain with associated radiculopathy; 2) MRI evidence of degenerative disc disease or Grade I spondylolisthesis with central or foraminal stenosis; 3) patients in whom at least 6 weeks of nonsurgical treatment had failed; 4) patients who underwent lumbar spinal fusion (e.g., transforaminal lumbar interbody fusion [TLIF] , anterior lumbar interbody fusion [ALIF], or lateral interbody fusion [LLIF]), and 5) patients with available patient-reported outcomes data at baseline and at the 1-and 2-year time points following surgery. Patients were excluded if they had a history of 1) prior back surgery; 2) extraspinal causes of back pain or sciatica; 3) severe coexisting pathology that could confound the assessment of operative outcome (e.g., rheumatoid arthritis, osteoarthritis, metabolic bone disease); or 4) were unwilling or unable to participate in follow-up procedures.
patient-reported Outcome measures
Patient demographics, clinical presentation, indications for surgery, radiological studies, and operative variables were assessed for all patients enrolled in this study. All questionnaires were self-administered and were identical at baseline and 1-, and 2-year follow-ups. Patient-reported outcomes instruments included the ODI low-back disability questionnaire, 4, 7, 15 SF-36, 21 and numeric rating scales for back and leg pain. 3, 5, 17 The ODI is a self-administered questionnaire that assesses back-specific function and contains 10 questions with 6 response categories. Higher scores denote increasing disability or higher pain levels. Each variable is rated on a 0-to 5-point scale and transformed into a percentage score. The range of possible values is from 0 to 100 (0-20 = minimal disability; 21-40 = moderate disability; 41-60 = severe disability; 61-80 = crippled; 81-100 = bedbound).
The SF-36 is a self-administered short-form health status survey that evaluates physical function, social function, mental health, vitality, bodily pain, and general health. Two composite scores can be calculated: the Physical Component Summary (PCS) and the Mental Component Summary (MCS). Using US normalized-based scoring, all domain scales have a mean of 50 and a standard deviation of 10. Scores lower than 50 fall below the mean of the general population.
Numeric rating scales for back and leg pain range from 0 to 10, with 10 being the worst pain imaginable. The aforementioned instruments have been widely used in the spine literature and have shown good construct validity.
At 1 and 2 years postoperatively, patients scored their clinical status on the following scale: 1) "surgery met my expectations;" 2) "I did not improve as much as I had hoped, but I would undergo the same surgery for the same outcome;" 3) "surgery helped, but I would not undergo the same treatment for the same outcome;" or 4) "I am the same as or worse than I was before the surgery." Since patients graded the evolution in their own health status, this classification was considered the external criterion for any change to be "clinically relevant."
Statistical analysis
Parametric data were expressed as the mean ± SD and were compared using the Student t-test. Nonparametric data were expressed as the median (interquartile range) and were compared using the Mann-Whitney U-test. Nominal data were compared using the chi-square test. All tests were 2-sided and were statistically significant if the p value was less than 0.05.
Change in health status was calculated at 1 and 2 years postoperatively as the postoperative score minus the preoperative score for each patient-reported outcome measure. Preoperative versus 1-year postoperative and preoperative versus 2-year postoperative health status measures were evaluated using the matched-pairs sample t-test. The mean change in health status measures from 1 to 2 years postoperatively was also assessed. Linear regression modeling was used to determine the correlation between changes in the 1-and 2-year health status scores.
The threshold values for the minimum clinically important difference (MCID) were calculated for each patient cohort (ALIF, TLIF, and LLIF). MCID is the smallest change in an outcome measure that represents a change that would be considered meaningful by the patient. MCID values were calculated for all health status measures. Dif-ferent approaches can be used to determine MCID. One approach is to use receiver operating characteristic curves to define the cutoff point that best discriminates between patients reporting or denying any improvement. Another is to estimate the mean change score in patients who actually report improvement from baseline. The method used to determine the MCID in the most often cited publication was the minimum detectable change method (MDC). The MDC is an extension of the least significant difference concept and is the smallest change that is above measurement error within a confidence interval. The MDC was calculated as 1.96 × √2 × SEM. 20 The SEM was estimated by taking the square root of the within-subject variance (which consists of variance between measures plus the residual variance on a 2-way ANOVA random effects model) of patients categorized as "unchanged" by the external criteria. MDC can be interpreted as the magnitude of the change below which there is more than a 95% chance that no real change has occurred. All analyses were performed using SAS 9.3 (SAS Institute, Inc.).
results patient population
Of the initially enrolled 2000 patients, a total of 969 patients had comprehensive 2-year follow-up data. Overall, the mean age at the time of surgery was 52.35 ± 12.19 years (ALIF 47.92 ± 11.33 years; TLIF 52.14 ± 12.50 years; LLIF 56.48 ± 12.51 years). There were 375 (38.75%) men and 594 (61.25%) women. The median number of levels fused was 2 (interquartile range 1-3). All patients presented with symptomatic back and leg pain secondary to degenerative disc disease or Grade I spondylolisthesis. Overall, the mean preoperative visual analog scale (VAS)-back pain, VAS-leg pain, and ODI scores were 7.00 ± 2.50, 6.79 ± 3.01, and 47.28 ± 15.52, respectively. The mean preoperative SF-36 MCS and SF-36 PCS scores were 39.74 ± 17.28 and 27.12 ± 10.52, respectively. The demographic and baseline characteristics are presented in Table 1 .
postoperative Outcomes
Complete baseline and 2-year outcomes data were available for all patients enrolled in this study. There was a significant improvement from baseline in all patient-reported outcome metrics at 1 and 2 years postoperatively ( Table 2 , Fig. 1) . Overall, the mean 1-year improvements from baseline in VAS-BP, VAS-LP, and ODI scores were 3.35 ± 3.70, 3.41 ± 3.99, and 20.35 ± 24.08 (p = 0.001), respectively ( Table 2 , Fig. 1 ). The mean 2-year improvements from baseline in VAS-BP, VAS-LP, and ODI scores were 2.34 ± 3.56, 2.51 ± 3.99, and 13.09 ± 21.91 (p = 0.012), respectively ( Table 2 , Fig. 1 ). The mean SF-36 PCS score was 27.12 ± 10.52 preoperatively and improved to 33.20 ± 9.15 at 1 year and to 33.51 ± 9.15 at 2 years (Table 2, Fig.  1 ). Paired-sample analysis was performed by comparing the mean 1-and 2-year patient-reported outcome scores. There was no statistically significant difference between the 1-year and 2-year scores for VAS-BP (p = 0.47), VAS-LP (p = 0.23), ODI (p = 0.56), and SF-36 PCS (p = 0.85). Similarly, a paired-sample t-test for each subgroup (ALIF, TLIF, and LLIF) comparing 1-year versus 2-year postoperative scores revealed no statistically significant difference for any of the HRQOL measures. 
meaningful improvement
The threshold values for MCID were calculated for each patient cohort (ALIF, TLIF, and LLIF) at 1 and 2 years postoperatively. The MDC-derived MCID thresholds for the ALIF cohort at 1 year postoperatively was 3.1 for VAS-BP, 3.0 for VAS-LP, 9.0 for ODI, and 12 for SF-36 PCS. At 2 years, the MCID thresholds were 2.9 for VAS-BP, 2.7 for VAS-LP, 11 for ODI, and 8.0 for SF-36 PCS. Seventy percent of patients at 1 year reported a level of improvement after surgery that met their expectations (meaningful improvement) and 65% of patients achieved MCID thresholds at 2 years (treatment durability) (Fig. 2) .
The MDC-derived MCID thresholds for the TLIF cohort at 1 year postoperatively was 3.0 for VAS-BP, 2.9 for VAS-LP, 7.7 for ODI, and 9.0 for SF-36 PCS. At 2 years, the MCID thresholds were 3.2 for VAS-BP, 2.8 for VAS-LP, 9.0 for ODI, and 10 for SF-36 PCS. Seventy-nine percent of patients at 1 year reported a level of improvement after surgery that met their expectations (meaningful improvement), and 62% of patients achieved MCID thresholds at 2 years (treatment durability) (Fig. 3) .
The MDC-derived MCID thresholds for the LLIF cohort at 1 year postoperatively were 2.7 for VAS-BP, 3.0 for VAS-LP, 8.0 for ODI, and 10.0 for SF-36 PCS. At 2 years, the MCID thresholds were 2.6 for VAS-BP, 2.8 for VAS-LP, 10 for ODI, and 7.7 for SF-36 PCS. Seventy-seven percent of patients at 1 year reported a level of improvement after surgery that met their expectations (meaningful improvement), and 75% of patients achieved MCID thresholds at 2 years (treatment durability) (Fig. 4) .
The aforementioned MCID values are within the reference ranges previously reported in the literature.
5,10,19 predictive Value of 1-Year patient-reported Outcomes
Logistic regression analysis was used to assess if the 12-month measures of treatment effectiveness accurately predict long-term outcomes (24 months). Overall, patients achieving MCID thresholds at 1 year were more likely to achieve MCID thresholds at 2 years. In the subgroup analysis, patients in the ALIF cohort who achieved MCID thresholds at 1 year were 12-fold more likely to achieve MCID thresholds at 2 years for ODI, 9-fold more likely to achieve MCID thresholds at 2-years for SF-36 PCS, and 6-fold more likely to achieve MCID thresholds at 2 years for VAS-BP and VAS-LP. Patients in the TLIF cohort who achieved MCID thresholds at 1 year were 13-fold more likely to achieve MCID thresholds at 2 years for ODI, 8-fold more likely to achieve MCID thresholds at 2 years for SF-36 PCS, 7-fold more likely to achieve MCID thresholds at 2 years for VAS-BP, and 6-fold more likely to achieve MCID thresholds for VAS-LP. Similarly, among patients in the LLIF cohort, patients who achieved MCID thresholds at 1 year were 14-fold more likely to achieve MCID thresholds at 2 years for ODI, 8-fold more likely to achieve MCID thresholds at 2-years for SF-36 PCS, 5-fold more likely to achieve MCID thresholds at 2 years for VAS-BP, and 4-fold more likely to achieve MCID thresholds for VAS-LP (Table 3) .
discussion
Changes in HRQOL measures, particularly diseasespecific SF-36 and ODI, have become important standards for the evaluation of lumbar spine surgery outcomes. In this multiinstitutional prospective study, patient-centered measures of surgical effectiveness obtained at 12 months adequately predict long-term (24 months) outcomes after lumbar spine surgery. We demonstrate that patients achieving MCID thresholds at 1 year were more likely to report meaningful and durable improvement at 2 years, suggesting that the 12-month measures of treatment effectiveness are sufficient to identify effective versus ineffective patient care.
As has been well demonstrated, lumbar interbody fusions for degenerative spinal disorders have been shown to be clinically and cost-effective treatments.
2,4,6,9 A recent study by Glassman et al. demonstrated that lumbar fusion is a highly effective, durable, and cost-effective treatment at 5 years after index surgery. 11 Similarly, Adogwa et al. demonstrated in a 2-year prospective study that lumbar fusions are clinically efficacious and highly cost-effective.
1,2
In the current study, the majority of patients (> 75%) undergoing index lumbar fusions reported a statistically significant improvement from baseline in all patient-reported outcomes measures, except SF-36 MCS. Mental health status appears to be more refractory to surgery. Furthermore, the statistically significant improvement observed in all patient-assessed outcomes metrics was independent of surgical procedure (ALIF, TLIF, LLIF).
Not surprisingly, most of the observed changes from baseline in HRQOL metrics occurred over the 1st postoperative year after index lumbar spine surgery; 10,11 accordingly, across patient cohorts, less change in HRQOL outcomes was observed between 1 and 2 years postoperatively. In fact, in some metrics, we observed mild deterioration in patient-centered measures of surgical effectiveness between the 1-and 2-year postoperative intervals. Prior studies have reported similar results. In a recent study by Glassman et al., 12-month HRQOL measures were compared with 24-month HRQOL measures in 283 patients undergoing adult deformity surgery. 11 The authors reported statistically significant improvements in patient-reported outcomes metrics at the 12-month postoperative interval; however, for most patients in the study, the outcome scores stabilized after the 1-year postoperative interval. The stabilization in patient-reported outcomes suggest that 1 year after surgery appears to be a reasonable time frame to anticipate maximal improvement after index lumbar spine surgery.
Measures of treatment effectiveness do not always correlate to clinically meaningful results. Because of this, the concept of MCID was developed as a means to measure the critical threshold of improvement needed to achieve clinically meaningful treatment effectiveness. 5, 10 Accordingly, MCID is a quantitative assessment of clinical relevance for a given magnitude of change in the HRQOL scores. Different approaches can be used to determine MCID; however, no consensus has been reached as to the superior method with which to calculate MCID. For this study, the MDC method was used. 5 The choice of MDC has the advantage of eliminating potential MCID thresholds that are within the measurement error. Furthermore, in several recent studies, the MDC approach has been shown to be the superior calculation method for determining MCID thresholds in patients undergoing various lumbar spine surgeries.
The MCID thresholds at 2 years following ALIF were 2.9 for VAS-back pain, 2.7 for VAS-leg pain, 11 for ODI, and 8.0 for SF-36 PCS, with 70% of patients achieving MCID thresholds at 1 year and 65% of patients achieving MCID thresholds at 2 years postoperatively. The MCID thresholds at 2 years following TLIF were 3.2 for VASback pain, 2.8 for VAS-leg pain, 9.0 for ODI, and 10 for SF-36 PCS, with 79% of patients achieving MCID thresholds at 1 year and 62% of patients achieving MCID thresholds at 2-years postoperatively. Similarly, the MCID thresholds at 2 years following LLIF were 2.6 for VAS-back pain, 2.8 for VAS-leg pain, 10 for ODI, and 7.7 for SF-36 PCS, with 77% of patients achieving MCID thresholds at 1 year and 75% of patients achieving MCID thresholds at 2 years postoperatively. MCID thresholds for treatment effectiveness have been previously reported as being improvements in VAS- * At 1 year, patients in the ALIF cohort reporting changes in the ODI scores exceeding the calculated MCID scores were 12-fold more likely to achieve MCID at 2 years after index lumbar surgery. † Patients in the TLIF and LLIF cohorts who achieved 1-year MCID were 13-and 14-fold more likely to achieve MCID at 2 years, respectively.
back pain of 1 to 4 points, VAS-leg pain of 1 to 3 points, ODI of 6 to 19 points, and SF-36 PCS of 7 to 22 points. 5, 10, 11 Overall, patients achieving MCID thresholds at 1 year were more likely to achieve MCID thresholds at 2 years. Across patient cohorts, the patients' MCID thresholds at 1 year were 12-to 14-fold more likely to achieve MCID thresholds for ODI at 2 years, 8-to 9-fold more likely to achieve MCID thresholds for SF-36 PCS at 2 years, and 4-to 7-fold more likely to achieve MCID thresholds for VAS-back/leg pain at 2 years. This implies that the majority of patients reporting a significant clinical benefit at 1 year continue to report treatment effectiveness at 2 years.
There are limitations to the present study. Intraoperative and postoperative therapy was left up to the clinical judgment of the operating surgeon; different rehabilitation strategies could potentially lead to different outcomes. The effect of perioperative complications was not included in the analysis. Furthermore, the occurrence of a complication could affect an individual's ability to achieve MCID. Finally, it remains unknown whether patients who had inferior outcomes were followed by other providers not associated with this study. Despite these limitations, the current study demonstrates that the 12-month measure of treatment effectiveness is sufficient to identify effective versus ineffective patient care.
conclusions
In a multiinstitutional prospective study, patient-centered measures of surgical effectiveness obtained at 12 months adequately predict long-term (24-month) outcomes after lumbar spine surgery. Patients achieving MCID at 1 year were more likely to report meaningful and durable improvement by 24 months, suggesting that the 12-month time-point is sufficient to identify effective versus ineffective patient care. 
